Abstract. Recent transport experiments have established that two-dimensional electron systems with high-index partial Landau level filling, ν
Introduction
Recent transport experiments [1] [2] [3] have established that the resistivity of a two-dimensional electron system with weak disorder and valence orbital Landau level filling ν * close to 1/2 is anisotropic when the valence orbital Landau level index N ≥ 2. Apparently the ground state spontaneously breaks orientational symmetry, a property believed to be associated with the uni-directional charge-density-wave ground states predicted [4, 5] in this regime by Hartree-Fock mean-field theory [7] . The charge-density-wave (CDW) state consists of electron stripes of width aν * with local Landau level filling factor ν = [ν]+1, separated by hole stripes of width a(1 − ν * ) with local filling factor ν = [ν] . Here a, the CDW period, is comparable to the Landau level's cyclotron orbit diameter. Because of symmetry properties shared with the smectic state of classical liquid crystals, emphasized by Fradkin and Kivelson [6] , these states have been referred to as quantum Hall smectics, a practice we follow here. The most important transport property of quantum Hall smectics is that dissipation occurs over a wide range of filling factors surrounding ν * = 1/2 and is not activated at low temperatures. This behavior is not consistent with the properties of a CDW state, which would be pinned by the random disorder potential and have a large gap for mobile quasiparticle excitations, and suggests that, although Hartree-Fock theory hints at the energetic motivation for a ground state with broken orientational symmetry, the description which it provides of the ground state is flawed.
Several recent theoretical papers [8] [9] [10] [11] [12] [13] have addressed the properties of quantum Hall smectics and the energetic competition between CDW states, compressible composite-fermion states, and paired incompressible quantum Hall T. Brandes (Ed.): Workshop 1999 , LNP 544, pp. 195−206, 1999 .  Springer-Verlag Berlin Heidelberg 1999 states. In one recent paper [14] we have described a theory of quantum Hall smectics which starts from the Hartree-Fock theory ground state, recognizes the electron stripes as coupled one-dimensional electron systems, and treats residual interaction and disorder terms neglected by Hartree-Fock theory using the convenient bosonization techniques of one-dimensional electron physics. The most important conclusions of this work are the following: i) the quantum Hall smectic state is never the ground state but instead is always unstable, for ν * close to 1/2 likely to an anisotropic electron Wigner crystal state; ii) for 0.4 ν * 0.6 the interaction terms responsible for the Wigner crystal can be neglected at temperatures available in a dilution fridge; and iii) weak disorder which scatters electrons from stripe to stripe, enabling hard-direction transport, leads to nonlinear transport. In this article we emphasize and expand on an experimentally important prediction of this work, namely that the strength of the transport non-linearity is sensitive to the nature of the electron-electron interaction. In particular we predict that the transport non-linearity can be enhanced by placing a screening plane close to the two-dimensional electron system.
In Section 2 we explain our theory of transport in quantum Hall smectics and discuss how the coefficients which govern the power-law behavior of the differential resistivity for weak disorder are related to correlations in the coupled one-dimensional electron stripes. In Section 3 we briefly review our theory of these correlations and explain why long-range electron-electron interactions weaken transport non-linearities. In Section 4 we present numerical results for the non-linear transport coefficients for a model in which interactions in the twodimensional electron layer are screened by a metallic layer co-planar with the electron system but separated from it by a distance d. We conclude in Section 5 with a brief summary.
Anisotropic Transport Properties
Our transport theory [14] is built on a semiclassical Boltzmann-like approach; microscopic physics enters only in the calculation of scattering rates. We choose a coordinate system where thex (horizontal) direction runs along the stripes which are separated in theŷ (vertical) direction. We assume that the charge density wave itself is pinned and immobilized by both the edges of the sample and weak impurities which couple to the electrons within the stripes. In this case, collective sliding motion of the charge-density will be absent, and electrical transport will be dominated by single-electron scattering across and between electron stripes. An important property of electronic states in the quantum Hall regime, is the spatial separation of states which carry current in opposite directions. In the case of the electron stripes in quantum Hall smectics, the Fermi edge states which carry oppositely directed currents along the stripes (left-going and right-going) are located on opposite sides of the stripe. Translational invariance along thex direction, allows us to use a Landau gauge where this component of wavevector k x is a good quantum number in the absence of interactions and disorder. The single-particle states at the stripe edges have velocity magnitude v F , the Fermi
